Abstract. The structural roots of the mesoscopic theory of liquid crystals are reviewed and shortly discussed.
Introduction
Liquid crystals are phases showing an orientational order of molecules which are of elongated or of plane shape, so that an orientational order of them can be defined. The molecules themselves may be uniaxial (i.e. their alignment can be described by one direction) or biaxial (for which two axes are necessary to fix their orientation). Besides the orientational order an additional spatial order of the centers of mass of the molecules is possible which causes a great variety of liquid crystal phases, such as nematics, smectics, cholesterics and a lot of other phases of various different structures. Because of thermal fluctuations the molecules are not totally aligned, but they have a certain distribution around a "mean orientation" which can be described by a normalized macroscopic director field. The name "macroscopic" originates from the fact, that the macroscopic director field belongs to all molecules of a volume element, whereas a special molecule may be aligned differently. So it is obvious to introduce a microscopic director which describes the alignment of a single molecule and which is different from the local macroscopic director (if it exists). Because the microscopic director is defined on a molecular level it is not a macroscopic field, but a so-called mesoscopic variable. Here "mesoscopic" means that the level of description is finer than the macroscopic level is, but that no microscopic concept such as molecular interaction or potentials are used.
Besides the microscopic and the macroscopic director other descriptions for alignment are in use which can be found in the following synopsis:
Up to now there are five different phenomenological concepts suitable to describe liquid crystals: The first one is the well known Ericksen-Leslie theory [1, 2] whose balance equations are formulated by use of the macroscopic director field mentioned above. But in fact this theory is not able to represent a change in the degree of orientational order. In general we need at each position and time a distribution function for describing the macroscopic orientation of the fluid. Therefore the macroscopic director has to be redefined statistically.
The second concept describes liquid crystals as micropolar media in the frame of a 3-director theory [3] . Instead of a balance equation for the macroscopic director the spin balance is taken into account, but no microscopic concepts are used.
The third concept [4] introduces besides the balance equations of a micropolar media an additional field, called microinertia tensor field. This field satisfying its own balance equation is coupled to the spin balance. The form of this coupling causes that all needle-shaped molecules of a volume element have always the same angular velocity. Therefore the degree of alignment cannot change (in a co-moving frame) as it happens in the phase transition from nematic to isotropic phase. Consequently the microinertia tensor field -although the molecules are not totally aligned -is not appropriate to describe dynamical situations in which the degree of alignment changes.
The fourth concept describing liquid crystals uses the alignment tensor [5, 6], a symmetric, traceless tensor which represents the first anisotropy moment of a multipole expansion of the orientation distribution function. This of course is a more general method for describing alignment as using a director theory because the alignment tensor is determined by five, the director by two variables.
The fifth concept describing liquid crystals introduces the above mentioned microscopic director related to the orientation of one rigid particle only. The anisotropic fluid is formally treated as a mixture by regarding all particles of a volume element of the same orientation as one component of the fluid [7] . Thus the orientation distribution function results as the fraction of the mass density of one component over the mass density of the mixture. Because mixture theories are well developed [8, 9] balance equations for liquid crystals can be written down very easily by use of this method. The domain on which these balances are defined is different from the usual one because it contains the microscopic director as an additional variable.
The aim of this paper is to sketch the mesoscopic theory of liquid crystals which is based on the concepts of the microscopic director and of the
